A theoretical rate constant for the associative detachment reaction Rb( 2 S)+OH
) for a temperature between 200 K and 600 K. A Langevin-based dynamics which depends on the crossing point between the anion (RbOH − ) and neutral (RbOH) potential energy surfaces has been used. The calculation were performed using the ECP28MDF effective core potential to describe the rubidium atom at the CCSD(T) level of theory and extended basis sets. The effect of ECPs and basis set on the height of the crossing point, and hence the rate constant, has been investigated. The temperature dependence of the latter is also discussed. Preliminary work on the potential energy surface for the excited reaction channel Rb( 2 P )+OH − ( 1 Σ + ) calculated at the CASSFicMRCI level of theory is shown. We qualitatively discuss the charge transfer and associative detachment reactions arising from this excited entrance channel.
I. INTRODUCTION
The last decade has been the subject of numerous advances in the study of the dynamics of cold atoms and molecules, leading to the opening of new avenues in various branches of physics and chemistry [1] [2] [3] . The applications range from precision spectroscopy 4 to quantum control of chemical reactions 5 . New research fields have been developed in order to control and cool atomic and molecular species, allowing the possibility to investigate their interactions at low temperature. Depending on the experimental method, the translational, rotational, vibrational or hyperfine energy can correspond to temperatures below 1 K. Neutral and ionic atoms can now be routinely trapped and laser-cooled to the micro Kelvin regime 3 . A broad range of methods such as laser cooling, Stark deceleration, radio-frequency trap (rf trap), buffer gas or sympathetic cooling have been developed to cool and/or trap molecular species. Molecular ions can be trapped using an rf trap 6 which allows subsequent cooling by collision with cold gas or with laser cooled atoms. The former method, using standard cryostats, is limited to temperatures above 4 K 7 whereas in the latter, translational temperature down to a few millikelvins can be reached using laser cooled atomic ions 3 . The use of neutral atoms, implying the collision of much closer encounters should result in the cooling of internal degrees of freedom, therefore reducing the population of high rotational and vibrational states of the molecular ion. Such a scheme, called an hybrid atom-ion trap, consists of an rf-trap superimposed with a magneto optical trap (MOT) 8 . In such an environment, elastic, inelastic and reactive collisions can take place, leading to a loss of ions if the kinetic energy release exceeds the depth of the a) Electronic mail: milakas@ulb.ac.be trap or if the ions lose their charge. The co-trapping of Rb and OH − has been the subject of several theoretical studies [9] [10] [11] [12] [13] and is currently under experimental investigation by the HAItrap group in the university of Heidelberg from which the first results have been published 14 . This system is of particular interest since the dynamics of anions, specially at low temperature, can exhibit non-standard behaviour 15 . Moreover, quantum chemistry calculations involving anions have also proven to be challenging 16 . In the co-trapping experiment 14 when taking into account the fine structure), reactions from the excited entrance channel Rb( 2 P )+OH − ( 1 Σ + ) are also interesting to study and could lead to some unusual effects 18 . The present paper is structured as follows: in section II we start by defining the different symmetry correlations for the RbOH and RbOH − systems. In section III we recalculate a portion of the potential energy surface (PES) of the RbOH and RbOH − species using three different effective core potentials (ECP) for the rubidium atom. The crossing point between the anion and neutral curve, corresponding to the autodetachment region, has been obtained from the best PES. We recalculate the rate constant for the associative detachment reaction using the model suggested by Byrd et al. and the results of the newest ECP. In the last part of the paper (section IV), we investigate the excited reaction channel. 9 but are not accessible in the energy range considered here. A schematic overview of the potential energy curves (PEC) at linear and bent geometry for the different states appearing in Table I is shown in Figure 1 . The curves have been obtained from separate MRCI calculations for the neutral and anionic system and shifted to match the experimental energies at dissociation and are therefore only shown for a better understanding of the different states of interest. 
II. SYMMETRY CONSIDERATIONS
Excitation energy relative to the 2 P 1/2 and 2 P 3/2 fine states of Rb, respectively. Energy (arb.unit) 
III. COLLISION WITH GROUND STATE RUBIDIUM: ASSOCIATVE DETACHMENT

A. Computational method
All calculations were performed on the Hydra and Vega clusters of the ULB/VUB using the MOLPRO 2012 package 23 . Jacobi coordinates have been used to describe the geometry of the Rb-OH system. R Rb is the distance between the Rb atom and the center of mass of the OH molecule, R OH is the interatomic distance between O and H and θ defines the angle between the R Rb and R OH vectors (see Figure 2) . Accordingly, the geometry for θ = 0
• corresponds to the case where the Rb-O-H atoms are aligned whereas θ = 180
• corresponds to the O-H-Rb collinear configuration. The potential energy surfaces have been calculated at the cou-pled cluster level of theory with single, double and perturbative triple excitations (CCSD(T)) as implemented in the MOLPRO program 24 . The unrestricted variant has been used for open-shell cases 25, 26 . The augmented correlation-consistent valence quintuple zeta basis set aug-cc-pV5Z (shortened AV5Z) 27 was used for the oxygen and hydrogen atoms. We have used three different approaches to describe the rubidium atom. The first one follows the work of Byrd et al. where the Wood-Boring effective core potential ECP28MWB (here after abbreviated MWB) 28 was used along with the corresponding sp functions augmented by spdf functions from the def2-QZVPP basis set 29, 30 (shortened defQZ). The final number of contracted functions in the basis is [12s9p4d3f ]. In the second approach we used the more recent Dirac-Fock ECP28MDF (here after abbreviated MDF) effective core potential with the corresponding segmented spdfg valence basis set 31 which contains (13s10p5d3f 1g) functions contracted to [8s7p5d3f 1g]. Both effective core potentials (ECP) are small-core ECPs describing 28 core electrons and taking into account scalar relativistic effects (massvelocity and Darwin terms). We also considered a third effective core potential, ECP36SDF (here after abbreviated SDF), also available for the Rb atom. The latter is a large core ECP which only leaves 1 electron of the Rb atom left for the molecular correlation treatment. The corresponding sp functions have been used augmented by the dhf-QZVPP basis set 32 , the final number of contracted functions is [9s8p4d3f 2g]. In the three cases one set of spdf even tempered functions of each type has been added. All available electrons, i.e not described by the ECP, have been included in the correlation treatment. The counterpoise method was used to account for the basis set superposition error 33 . This correction is likely to be important at small distances. The interatomic distance R OH was optimized at each R Rb distance at the MP2 level of theory (restricted 34 and unrestricted 35 variants, as appropriate) with all available electrons correlated. 
B. Results
The PEC at θ=0
• calculated at small R Rb distance for the molecular anion RbOH − ( 2 Σ + ) and the neutral RbOH( 1 Σ + ) are reported in Figure 3 . A grid of 0.01 and 0.1Å was used at small distances (from 1.6 to 2.2Å) and larger distances (2.2 to 4Å), respectively. The crossing points were obtained by fitting the shortdistance part of the PEC with B-splines functions. Results obtained using the three different ECPs are shown, where the position of the crossing point between the neutral and anion curves is indicated by squares. The zero energy corresponds to the threshold energy of the Rb( 2 S)+OH − ( 1 Σ + ) dissociation channel calculated with each ECP. Large differences between the three ECPs are observed, in particular regarding the positions of the minimum and the crossing point. Note that the crossing height obtained using MWB is very close to the one obtained by Byrd et al. 9 who used the same ECP and extrapolated to the complete basis set limit. The height of the crossing point as a function of the angle θ is shown in Figure 4 . The function V c (θ) obtained by fitting the latter curves with a polynomial function of order 4 will be used later to model the dynamics of the associative detachment. For MDF, the crossing lies bellow the threshold energy for certain value of θ while for MWB and SDF it lies above for the entire angular space. This implies that the autodetachment region is only accessible at certain energies in the entrance channel.
To verify the accuracy of the ECP we have performed geometry optimization on the ground state of several diatomic molecules containing the rubidium atom. The results are given in Table II . The computed bond lengths have been compared to the available experimental values. The calculations have been performed at the CCSD(T) level of theory with all available electrons correlated. We have used different basis sets to make sure that the difference seen on Figure 3 does not arise from a basis set issue. For RbH, the computed bond length using MWB with the AVQZ and AV5Z basis sets differs by 0.02Å whereas MDF results agree within 0.006Å and are therefore more consistent. The RbH optimized bond length obtained with MWB and a AVQZ basis set is overestimated by 0.23Å while the MWB/AV5Z and all MDF results are close to the experimental value. Note that SDF strongly overestimates the bond length. This is not surprising since only 2 electrons are included in the correlation treatment. For RbCl, RbF and RbO, the computed bond lengths determined with MDF and MWB differ up to 0.01Å whereas the differences between the three ECPs are of 0.02Å in the best case. The MWB ECP seems to overestimate the equilibrium bond length whereas the SDF results are less consistent: overestimation for RbCl and underestimation for RbF and RbO. MDF results are much closer to the experimental values.
Also shown are the converged values for the R RbO optimized distance for the ground state of the RbOH and RbOH − molecules along with the results of Byrd et al. 9 . This value represents the bond length between the Rb and the O atom. Again, MWB bond lengths are larger than MDF results for these systems. Note that in the RbOH and RbOH − cases, the R OH distance was also optimized but the result using different ECPs and basis set only varies at the third or fourth digit. The poorer results obtained with MWB can be explained by an error in the ECP for the rubidium atom, as pointed out by Weigend et al. and confirmed by a personal communication of the authors of MWB (see 32 and reference therein). Therefore, the MWB should not be used when dealing with compounds that include the rubidium atoms. As for the SDF, the lack of electron correlation leads to inaccurate bond lengths and this ECP will not be appropriate to the description of anions.
C. Langevin-based Dynamics
RbOH
− is a stable molecular anion with an electroaffinity of about 0.3 eV 9 . As has been shown in section III B, the anion and neutral PES cross in the repulsive part of the PES, allowing the anion to enter into the autodetachment region. In the present case, it is the collisional kinetic energy which allows the electron to be ejected via a surface crossing mechanism 40 . In order to calculate the rate constant for the associative detachment reaction we have used a Langevin model similar to the one described by Byrd et al. The assumptions used in the model are the following: (i) the transition probability from the anionic to the neutral state is 0 for R Rb > R c and 1 for R ≤ R c where R c is the nuclear position at the crossing point, (ii) the energy of the colliding partners follows a Maxwell-Boltzmann distribution and (iii) the OH − molecules are rotating sufficiently fast as to average the collisions over the angular space. Langevin models have been successfully compared to full quantum scattering calculations and to experimen- ). In our case the treatment is simplified since only one molecular state of the anion RbOH − correlates to the entrance channel, no barrier is present along the PEC, and no other reaction channels are available in the energy range of interest. The use of the Langevin cross section should therefore be a reasonable choice. We summarize hereafter the main equations that lead to the rate constant, for a more detailed description see 9 . The associative reaction only occurs when the crossing point is reached. This depends on the crossing height V c (θ) and the energy in the Rb( 2 S)+OH − ( 2 Π) entrance channel: ε + T (v,J) where ε is the collision energy and T (v,J) the ro-vibrational energy of OH − . The total cross section can be defined as:
where,
is the accessible angular space, and
is the dipole polarization Langevin cross section. α d is the dipole polarizability of Rb( 2 S) which is 318.6 a.u 47 . The Ξ(ε, V c (θ), T (v, J)) function is the Heavyside function used in 9 . The θ max is the angle above which V c (θ) ≥ ε + T (v,J). The value of θ max thus depends on v, J and ε. The rotational constant, vibrational frequency and coupling terms used to obtain T (v,J) are taken from 48 . The rate constant for associative detachment can be written as
and
where f (ε) is the Maxwell-Boltzmann distribution. The W (J) terms account for the weight of each rotational state of OH − where the factor (2J+1) is the degeneracy factor and Q rot is the rotational partition function. W (J), which represent the rotational state population of OH − , can be seen in Figure 5 as a function of the temperature. In we obtained a rate constant of 4×10 −10 cm 3 s −1 at 300 K. This result agrees well with the first experimental results of Deiglmayer et al.
14 where the measured rate constant was 2 +2 −1 × 10 −10 cm 3 s −1 for a temperature between 200 K and 600 K. We have also calculated the rate constant of the associative detachment k ad as a function of the temperature. The resulting plots can be seen in Figure 6 . As the temperature decreases, the rate constant decreases. Two effects contribute to the latter : the decrease of the contribution of large J values in W (J) and of the collision energy ε. Both contributions reduce the accessible angular space, i.e the value of θ max , in equation (3), and thus the cross section σ tot in equation (5) . The rate constant k ad only changes slightly with temperature, e.g k ad only decreases from a factor 1.2 between 400 and 2 K. The rotational state of OH − may not be in thermal equilibrium in the hybrid trap where the reaction takes place. A recent theoretical study 11 showed that the J=0 state of OH − may actually be the most populated one in the trap. Therefore, we have also shown the calculated rate constant for J=0 fixed at all temperature. However, this only affects slightly the rate constant for high temperature e.g at 300 K the difference is only of 6%. On the other hand, the rate constant strongly depends on the height of the crossing point between the PESs of the neutral and the anion. Since the crossing is located in the repulsive region of the PES, its position is very sensitive to the computational method and basis set used. To illustrate this dependence, we have represented in Figure 7 the rate constant at 300 K as a function of the crossing height at linear geometry. The rate constant was computed using the function V c (θ) obtained with the MDF ECP (see Figure 4) by varying V c (0 • ). Two regimes can be distinguished. When the crossing point V c (0 • ) is located below the entrance channel, the rate shows an almost linear dependence on the crossing height. On the other hand, when V c (0 • ) is located above the entrance channel, the rate decreases exponentially with increas- Temperature (K) Figure 6 . Left: rate constant of the associative detachment reaction Rb(
− as a function of the temperature. The blue curve shows the results when the rotational state of OH − is fixed to J=0, the red curve shows the behaviour when the rotational state of OH − are thermally distributed. Right: same as left figure for smaller temperature plotted in log scale.
ing crossing height. The rates obtained based on calculations performed with the MDF ECP and various basis sets are shown on the upper panel in Figure 7 . The crossing point at linear geometry is always located below the entrance channel and the resulting rate is comprised between 3 × 10 −10 and 7 × 10 −10 cm −3 s −1 , which allows us to define a theoretical uncertainty in the framework of the Langevin model. The most accurate results are expected to be obtained for the largest basis sets, i.e. AV5Z/spdfg and AV6Z/spdfg. It should be noted that the basis set superposition error does not have a significant effect on the crossing point since the corrections to the anion and neutral PESs are similar for large basis sets. As discussed in section III B, the calculations performed with the MWB and SDF ECPs lead to a crossing point above the entrance channel. This results in an associative detachment rate constant that is several orders of magnitude smaller than the MDF and experimental values. This confirms the fact that the MWB ECP should not be trusted for small values of R Rb whereas the lack of correlated electrons in the SDF calculations leads to a bad description of the chemical bond, especially for the anion. To conclude, we can say that the rate constant of the associative detachment reaction Rb(
− is almost constant with respect to the temperature, i.e the collision energy ε and the rotational population distribution of OH − . In contrast, the rate strongly depends on the position of the crossing point which lays in the repulsive region and is therefore difficult to compute accurately. However, compare to the experimental results, we obtain agreement using the MDF ECP with large basis sets. It is worth mentioning that this problem would also appear if a full quantum description is used instead of the Langevin model to describe the associative detachment reaction since the results will also depend on the PES and on the position of the crossing point.
IV. COLLISION WITH EXCITED RUBIDIUM
Collisions between electronically excited rubidium and OH − are also likely to occur in the co-trapping experiment. Moreover, the amount of rubidium in its first excited state can be tuned by varying the intensity of the laser used in the magneto optical trap 14 . Charge transfer and associative detachment reactions could both occur from the excited entrance channel, since they are both exothermic. Collision between molecular ions and ultracold Rb have already been studied and have shown some interesting features 18 . To investigate these possibil-ities, we have calculated the PESs involving the excited reaction channels.
A. Computational method
In order to calculate the different PESs of the RbOH − molecular system we have used the internally contracted multi-reference configuration interaction method (ic-MRCI) 49 as implemented in the MOLPRO program. The reference wave function on which the single and double excitations are performed is a state-averaged complete active space wave function (SA-CASSCF) [cite] with an active space covering 6σ and 3π molecular orbitals. The first σ orbital, which corresponds to the 1s orbital of the oxygen atom was kept frozen, i.e taken from a previous Hartree-Fock calculation, to avoid rotation between the 1s O and 4s Rb orbitals. The corresponding C s orbitals where used for the non-linear cases, hence 10a and 3a orbitals. We have included all states that correlate to the first 3 dissociation channels, i.e Rb+OH − , Rb − +OH and Rb*+OH − , in the state-average procedure. The AVTZ basis set was used to describe the O and H atoms 27 . For the rubidium atom we used the MDF ECP with the corresponding spdfg valence basis set 31 and a set of spdf even tempered functions. The OH interatomic distance, R OH , was kept fixed at the OH − experimental value of 0.9643Å 48 . We have included the Davidson correction using rotated reference energies to account for the size inconsistency problem [50] [51] [52] . The numbering of the different states used in Figure 1 and Table I has been kept for the following results.
B. Potential energy surfaces
The calculated adiabatic PECs at linear geometry are shown on Figure 8 . One can see an avoided crossing, indicated by a square between the two 2 Π states (labelled 1 2 Π and 2 2 Π, respectively) that allows the charge transfer reaction Rb(
) to occur via non adiabatic coupling terms. The insets in Figure 8 show a zoom of the avoided crossing with and without Davidson correction. The energy gap becomes smaller when the correction is taken into account. This arise from the difference in the Davidson correction for both states, where the negative charge is either located on the Rb or the O atom. At bent geometries, the two 2 Π states split into two 2 A and two 2 A states which undergo avoided crossings with each other and with the 2 A state arising from the 2 2 Σ + state. This is shown on the inset in Figure 9 along with the PECs for θ=20
• . We thus have 3 avoided crossings where two are cuts through a conical intersection arising from a pseudo Jahn-Teller effect 53, 54 . The excited rubidium is present in its J = 3/2 fine structure state in the MOT, the collision will therefore follow the 2 2 Π PEC. Taking into account the fine structure of Rubidum, which arises from spin-orbit coupling, the charge transfer reaction Rb(
is exothermic with an energy release of 0.241 eV. This value represents the energy difference between the entrance and exit channels and is obtained by subtracting the electron affinity of Rb (0.496 eV 21 ) from the electron affinity of OH (1.8290 eV 20 ) and then subtracting the ob-tained value by the excitation energy of the Rb( 2 P 3/2 ) state (1.589 eV 22 ). When using the calculated energy at 1000Å we obtain 0.368 eV, which is 0.127 eV larger that the experimental value. Several factors contribute to the discrepancy between the calculated and experimental values. The first is the omission of the spin-orbit splitting in our calculations. The second is the fact that two electron affinities are involved, which is known to be difficult to calculate accurately by quantum chemistry methods 16, 55, 56 . To illustrate these difficulties, we have computed the electron affinity of OH and Rb and the excitation energy of Rb at the CASSCF/ic-MRCI level of theory using different basis sets and active spaces. We have also tested the effect of the Davidson correction. The results are depicted on Table III and IV for Rb and OH, respectively. From Table III we observe that the Davidson correction is zero for the calculated EA and E when the 4s and 4p orbitals are closed. There is indeed only one and two correlated electron for the neutral and anionic species, respectively. When the 4s and 4p orbitals are open and the corresponding orbitals correlated, the Davisdon correction significantly improves the results. A clear trend can be seen for the excitation energies ( E), which converges towards the experimental result with increasing active space size. Unfortunately, while including the 4s and 4p orbitals improves the excitation energy, the EA is worsened. One possible explanation is that the core-core and core-valence correlation energy is more important for the neutral than for the anion since the orbitals of the latter are somewhat more diffuse. The contribution for the neutral and anion are not correctly balanced and the EA will in consequence become smaller when including the 4s and 4p orbitals. The third columns shows the results using an active space corresponding to the one used in the molecular case. The EA is overestimated by 0.025 eV and the excitation energy underestimated by 0.113 eV. Comparison with results obtained from separated CASSCF wave function for the neutral and anion show than the deviations are mostly due to the inclusion of the anion in the state average procedure, which destabilizes the neutral orbitals. Increasing the active space to include the 4d and 6s orbitals of Rb would improve the results, however this become untreatable at the molecular level from a computational point of view. These results highlight the very well known difficulty to correctly describe anions. The results obtained for OH in Table IV show a much stronger dependence on the size of the active space, Davidson correction and basis set. The results converge towards the experimental value for large active space and basis set. The electron affinity calculated with the AVTZ basis set with an active space covering the valence atomic orbitals is 0.403 eV above the CCSD(T)/AVQZ results. The Davidson correction improves the result by 0.348 eV. This is not surprising since the correction accounts partially for the quadruple excitation terms, known to be important in OH −57 . Hence, the discrepancy between the calculated electron affinities and excitation energy and their respective experimental value explains the deviation between the calculated and experimental energies at the dissociation limit of the RbOH − specie. Even if the presented results show some lack of accuracy, we can already extract some trends concerning the reactions occurring from the excited entrance channels. The associative detachment reaction Rb(
is energetically possible, as shown in Figure 10 where the neutral RbOH( 1 Σ + ) curve along with those corresponding to the ground and excited states of RbOH − are plotted. The anion curve enters the autodetachment region around R Rb =5Å, below the threshold energy of the Rb( Figure 10 ) and after the avoided crossing between the two 2 Π states. Note that the collisional detachment reaction Rb(
is not accessible in the low temperature regime since the exit channel is around 0.2 eV above the entrance channel. A zoom in the crossing region is shown in Figure 11 for θ=0 • and θ=20
• . The neutral PECs have been obtained using the same active space, ECP and basis set used for the anion. In the following discussion on the dynamics we limit ourselves to the linear case for simplicity. The charge transfer and the associative detachment reaction will compete with each other. Assuming a transition probability close to unity from the anionic state to the neutral state when entering the autodetachment region, the AD reaction will prevail over the CT reaction. Indeed, the wave packet Figure 10 . PECs for the 4 first 2 A and the two first 2 A states of the RbOH − anion (coloured curves) and the ground state of the neutral RbOH specie (black curve) at linear geometry. The dissociation states are depicted. The crossing points between anions and neutral curves are indicated by squares. These crossings define the entrance of the autodetachment region.
representing the Rb( 2 P )+OH − ( 1 Σ + ) molecular system will enter from the green curve in Figure 10 and 8, reach the avoided crossing and either adiabatically follow the green curve or diabatically cross over the orange curve. In both cases the wave packet will enter the autodetachment region and undergo associative detachment with a probability close to unity, preventing the possibility for the wave packet to exit via the CT channel. This assumption is very rough and a full quantum description would be necessary to get a correct branching ration between the AD and CT reactions. Moreover, the crossing between the neutral and excited curves will vary with θ Figure 11 . Zoom in the crossing region between the excited anion curves and the neutral ground state curves at linear geometry (upper panel) and 20
• (bottom panel and could lie above the energy at dissociation for certain values of θ as in the case of the ground state (see section III B). This can already be seen in Figure 11 where the crossing at θ=20
• occurs at a smaller distance and slightly higher energy than for θ=0
• . In addition, the barrier which is present around 4Å along the 2 2 Π (2A') curve will also contribute to the dynamic. These two effects will probably increase the probability for the CT reaction. It should be emphasised that the ab initio study of the low-lying electronic states of the RbOH − system present particular challenges due to the presence of a large correlation space, and the difficulty to correctly describe the electron charge transfer, the crossing with the neutral curves and the energies at dissociation.
V. CONCLUSION
Based on the results presented in this work, we can conclude that the rate constant of the associative detachment reaction (AD) Rb(
− strongly depends on the crossing point between the neutral and anion potential energy surfaces. This crossing point lies in the repulsive region of the PES, which is difficult to obtain accurately by quantum chemistry method. In particular, the choice of the effective core potential for the Rb atom has a drastic effect on the position of the crossing point and therefore, on the rate constant. Our results using the MWB ECP show a lack of accuracy that has already be pointed out 32 and seems to arise from an error in the ECP. We therefore recommend the use of the more recent MDF ECP when dealing with compounds containing Rb. Using the crossing point obtained with the MDF ECP along with a Langevin-based model, we found a rate constant in agreement (within the experimental uncertainty) with the experimental results of Deiglmayr et al.
14 . In addition, we found that the rate constant only decreases slightly with the temperature, which means that the reaction would also take place in the cold regime. The experimental and calculated rate constant for the AD reaction is almost 10 times smaller than the Langevin rate (4.3×10 −9 ) which implies that 10% of the collisions are reactive. Concerning the implication for sympathetic cooling of OH − and the ongoing Heidelberg experiment, the AD reaction should, in principle, not prevent the feasibility of sympathetic cooling but only lead to a loss of OH −14 . Side effects such as collisions with vibrationally hot RbOH, product of the AD reaction, may lead to some heating processes. However this seems unlikely since the typical collision rate in such environment is on the order of tens of Hz and the time to escape the trap is in µs. Collision between electronically excited Rb( 2 P ) and OH − ( 1 Σ + ) are also likely to occur. The presence of conical intersections and avoided crossings in the entrance channels, as shown by our calculations, suggests that exothermic charge transfer (CT) Rb( 2 P )+OH − ( 1 Σ + ) → Rb − ( 1 S)+OH( 2 Π) could occur through non-adiabatic couplings. The AD reaction Rb( 2 P )+OH − ( 1 Σ + ) → RbOH( 1 Σ + )+e − is also energetically accessible and can occur via the crossing between the excited entrance channel and the neutral PES, which delimits the autodetachment region. Our ab initio results show that the AD reaction should prevail over the CT reaction as the system should undergo autodetachment before it can exit via the CT channel. However, a full quantum calculation would be needed in order to obtain the correct branching ratio between the CT and AD reactions. In the context of the Heidelberg experiment, the presence of Rb − , product of the CT reaction, may be detected by the time-of-flight spectrometer if it stays trapped long enough in the rftrap. In addition, a loss of OH − should be observed from the excited channels since both the AD and CT reactions induce a discharge. One would also expects this loss to be larger than the ground state since the polarizability of excited Rb( 2 P )(563 a.u 58 ) is larger than for the ground state Rb( 2 S)(318.6 a.u 47 ). The Langevin rate for the collision between excited Rb( 2 P ) and OH − ( 1 Σ + ) becomes 6.9×10 −9 . The observed rate constant is likely to be even larger since the induced quadrupole term have proven to be important for Rb( 2 P ) 18 . This may be seen by increasing the number of Rb atoms in their excited states, i.e increasing the intensity of the laser used in the MOT and comparing the results with the loss induced by collision with the ground state Rb( 2 S). A comparison with other alkali atoms is currently under investigation. We will also study the effect of the spinorbit on the low lying states of RbOH − and perform full quantum calculations on the dynamics. The presence of a charge transfer reaction involving anions in a cold environment offers exciting experimental opportunities and we hope that our results may help to interpret some future experimental results.
